Introduction {#sec1-1}
============

Cancer cells show an increase in reactive oxygen species (ROS), due to the oncogenic stimulation, increased metabolic activity and mitochondrial damage. Mitochondrial respiratory chain is the main source of ROS production in cells. The ROS produced by cancer cells cause increased stress (Moloney and Cotter, 2017).

ROS have various biological effects and they are not linear in characteristic. In high oxidative stress, they may cause cytotoxicity, inhibit cell proliferation, and induce cell death in the form of apoptosis/necrosis; while in low or medium oxidative stress, ROS may cause DNA damage, cell mutation, inflammation, cell proliferation, and eventually they may induce carcinogenesis. Therefore, ROS are classified as endogenous carcinogen that induced cell mutation (Fang et al., 2009).

Antioxidants are compounds with the ability to reduce ROS, and classified into endogenous (originate from the inside) and exogenous antioxidants (originate from the outside). Primary endogenous antioxidants are superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase, while exogenous antioxidants are vitamin C, E, polyphenols like quercetin, kaempferol, and anthocyanin (Chio and Tuveson, 2017; Atala et al., 2017).

Endogenous antioxidant enzymes are very important for regulation of oxidative stress in the cells. One of the main cellular antioxidants is Manganese Superoxide Dismutase (MnSOD), which is one of the SOD enzymes. MnSOD changes radical superoxide (O~2~^-^) to hydrogen peroxide (H~2~O~2~), which in turn is changed by CAT into water. Antioxidant enzyme is the antagonist for the initiation and promotion of carcinogenesis process. The level of antioxidants decreases in many types of cancer. The common antioxidant which shows a decreased level is MnSOD (Mates and Sanchez-Jimenez, 2000). One of human breast cancer cell lines that has a decreased level of MnSOD is MCF-7 (Michigan Cancer Foundation - 7). The CAT in breast cancer cell line has high expression and activity (Kattan et al., 2008). The oxidants and antioxidants profile in MCF-7 cell line and the association with the number of cells and duration of observation were not known. This study aimed to analyze oxidants and antioxidants profile in breast cancer cell line MCF-7 and their relationship with cell number. Calculation of cell counts is useful to determine the speed between cell proliferation and cell apoptosis, if the increase in the number of cells is large then cell proliferation is greater when compared to cell apoptosis.

Materials and Methods {#sec1-2}
=====================

MCF-7cell culture {#sec2-1}
-----------------

The MCF-7 ATCC cell line was obtained from the Central Laboratory Natural Sciences, Brawijaya University, Malang. This research was conducted in the LSIH Brawijaya University and Biomedics Laboratory, Faculty of Medicine, Brawijaya University. The MCF-7 cells were grown in RPMI 1640 with 1% (v/v) penicillin-streptomicin, 10% (v/v) fetal bovine serum, incubated at 37°C and 5% CO~2~. The cells were seeded into 1 x 10^4^ cell/well. The cells were harvested at 24, 48, 72, 96 and 120 hours after seeding.

MCF-7 Cell counting {#sec2-2}
-------------------

Calculation of the number of cells using a hemacytometer and staining trypan blue. Living cells with intact membranes are able to exclude trypan blue so that living cells are colorless. Cells that have damaged membranes will take color and the cell will turn blue.

Measurement of radical superoxides {#sec2-3}
----------------------------------

The MCF-7 cells were washed twice with PBS. They were suspended with 0.2 mL PBS of DHE at a final concentration of 10 μM and incubated at 37°C for 20 min. Then the cells were washed again twice with PBS. The concentration of radical superoxides was measured by LSCM type Olympus Fluoview FV 1000-Ver 1.7.

Measurements of H~2~O~2~ {#sec2-4}
------------------------

The measurement was conducted using the Hydrogen Peroxide Assay Kit (Biovision^®^). The concentration of hydrogen peroxide was measured on the cell medium. Absorbance was measured at 570 nm using ELISA

Measurement of MnSOD activity {#sec2-5}
-----------------------------

The measurement was conducted using the Superoxide Dismutase Assay Kit (Cayman^®^). The cell culture was harvested by scraping. The absorbance was read at the wavelength of 440 - 460 nm with ELISA.

Measurement of CAT activity {#sec2-6}
---------------------------

The measurement of CAT activity was conducted using Catalase Activity Colorimetric Assay Kit (Biovision^®^). The CAT activity was determined by measuring a reduced absorbance of H~2~O~2~ at 570 nm. Absorbance was measured at 570 nm using an ELISA.

Statistical analysis {#sec2-7}
--------------------

In this study, statistical analysis will be carried out using the Pearson correlation test.

Results {#sec1-3}
=======

This study is useful to determine the profile of cell growth, radical superoxide concentration, MnSOD activity, hydrogen peroxide concentration and catalase activity. The results showed that the profile of cell numbers was different from the profile of radical superoxide concentration. In the number of cells there was a decrease at 96 hours while in the profile of radical superoxide concentration there was a decrease at 72 hours. The highest concentration of radical superoxides at 120 hours with a value (4.6 x 10^5^) ± (1.436 x 10^5^) arbitary unit ([Figure 1a](#F1){ref-type="fig"} and [Figure 2](#F2){ref-type="fig"}). Likewise with the activity profile of MnSOD, hydrogen peroxide. MnSOD activity only ranged from 0.106 ± 0.041 U / ml to 0.198 ± 0.024 U / ml ([Figure 1b](#F1){ref-type="fig"}). The hydrogen peroxide concentration ranged from 0.034 ± 0.003 μM to 0.039 ± 0.010 μM ([Figure 1c](#F1){ref-type="fig"}). Catalase activity ranged from 7.483 ± 0.187 mU / mL to 8,080 ± 0,661 mU / mL ([Figure 1d](#F1){ref-type="fig"}).
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It is clear from the trend that radical superoxide concentration was increased along with cancer cell number. Meanwhile, there was a very small increase in MnSOD activity and hydrogen concentration along with the increase in cancer cell number. In contrast, there was a small decrease in catalase activity along with the increase in cancer cell number. Observation at 72 hours, a large increase in cancer cell number, but decreased radical superoxide concentration, MnSOD activity, and hydrogen peroxide concentration. The next 24 hours the reverse occurs, the number of cells cancer has decreased while the concentration of supeoxide radicals, MnSOD activity, hydrogen peroxide concentration has increased, while CAT activity has decreased during observation.

In [Figure 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}, it can be seen that there is a lot of red light from DHE. The greater the red luminescence indicates the greater concentration of radical superoxides. Based on the results of the Pearson correlation test, it was found that the cancer cell number was influenced by radical superokside concentration (p \<0.05).
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Discussion {#sec1-4}
==========

Tumour cell produce more ROS than their normal cell, which is involved in the initiation and progression of cancer (Moloney and Cotter, 2017). In this research showed increased radical superoxides along with the length with observation ([Figure 2a](#F2){ref-type="fig"}). The cell count was shown to decrease at 96 hours observation on the 24-well plate ([Figure 1](#F1){ref-type="fig"}), but if the observation was conducted on the 12-well plate, there was no decrease in the cell count. The observation was continued until up to 120 hours (unpublished data). The size of the well plate would affect the cell growth.

ROS are classified as endogenous carcinogen that induced cell mutation. The balance between the amount of oxidants and antioxidants will affect the cancer cell number. Oxidants will be converted by antioxidants into another oxidant compounds or neutral compounds. Radical superoxides will be converted by MnSOD to hydrogen peroxide, which will then be converted by CAT into water. Hydrogen peroxide will be converted into hydroxyl radicals when there is iron and low concentration of CAT. The hydroxyl radical is more reactive than the other oxidants. This hydroxyl radical will react with fat, resulting in the process of lipid peroxidation it will cause membrane damage (Fang et al., 2009; Deepti et al., 2010; Das et al., 2012, Li et al., 2012; Prasad et al., 2016;)

In the MCF-7 cell line, based on the research by Kattan et al., (2008), there was a lower activity of MnSOD compared to the other breast cancer cell lines. However, in this study there was an increase in MnSOD activity, both convert radical superoxides into hydrogen peroxide. But the CAT activity in this cell line did not change significantly with the increase of time observation. Based on statistical analysis, the compounds that affect the cancer cells number are radical superoxides.

Radical superoxide is one of the ROS. ROS can increase proliferation, inhibit proliferation, or cell apoptosis, depending on its level. The increase in cell number is due to an increase in cell proliferation. Cell proliferation occurs through the Akt pathway. ROS may inhibit PTEN resulting in a continuous cycle of the cell path despite mutations or damage to the produced cells (Kresno, 2011; Prasad et al., 2016).

The decrease in cell number is due to inhibition of proliferation and/or increased apoptosis. The cause of inhibition of proliferation and increased apoptosis are probably due to the increased concentration of radical superoxides and hydrogen peroxide. This increase leads to an increase in oxidative stress that induces AP1, which in turn induces p53 that triggers the release of cytochrome c from the mitochondria to the cytosol. Cytochrome c cytosol can bind to Apaf 1 and activates caspase 9 in apoptosome, which is a response to various triggers in cell death. In addition, p53 phosphorylation will also induce p21 that will inhibit cellular cycles, resulting in inhibition of cell proliferation (French et al., 2008; Gupte and Mumper, 2009, Moloney and Cotter, 2017).

In conclusion, the increase in cancer cell number is influenced by radical superoxide
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